Introduction

Benefits of contact lenses vs eyeglasses
Of all medical devices used in the world today, contact lenses are one of the most ubiquitous. An estimated 45 million people wear contact lenses in the USA alone, 1 while an estimated 140 million wear contact lenses worldwide. 2 Individuals wear contact lenses for both medical and cosmetic reasons. In addition to providing sharp and unobstructed vision, with no eyeglass lens outline in the periphery and no fogging in humid environments or inclement weather, contact lenses are more amenable to an active lifestyle, eg, sports and other activities, are often more comfortable than eyeglasses, and preserve natural appearance. While half of the adult and teen respondents to a recent survey Dovepress Dovepress 2 saxon et al believe that they look better without eyeglasses, 3 appearance is especially important to children and teenagers, as they perceive improved quality of life (appearance, satisfaction, activities, and peer perceptions) while wearing contact lenses as opposed to while wearing eyeglasses. 4, 5 Astigmatism is common among patients requiring vision correction. Examinations of 179 prospective contact lens patients found that 39% had astigmatism up to 0.50 D, 37% between 0.50 and 1.00 D, and 25% 1.25 D or greater. 6 While eye care practitioners (ECPs) prescribe low astigmatism correction for eyeglass lenses, such options are not as widely available in contact lenses. Contact lens wearers with low astigmatism (≤0.50 D) are well served by spherical contact lenses, while those with higher astigmatism (>0.50 D) are candidates for toric contact lenses. Holden 6 calculated that if 0.75 D or greater astigmatism is deemed in need of correction, 45% of all contact lens wearers would require toric lenses. Young et al 7 similarly reported that 47% of patients had astigmatism of 0.75 D or greater in one eye.
Efron et al 8 proposed four factors preventing correction of low-to-moderate astigmatism. 1) Practitioners deem that the marginal increase in visual acuity after correction does not justify either the complications of variability or axis mislocation associated with toric lenses, or the added chair time needed to fit toric lenses; 2) practitioners mistakenly believe that certain spherical silicone hydrogel lenses mask astigmatism; 3) the range of toric lens powers and axes available in daily disposable lens models preferred by practitioners and patients is limited; and 4) practitioners prefer the simplicity of spherical lenses in patients with low refractive cylinder in one eye. Morgan and Efron 9 also proposed that wearers deem the marginal increase in visual acuity gained after correcting astigmatism <1.0 D insufficient to justify the marginally higher cost of toric lenses. Practitioner reluctance to prescribe toric lenses to astigmatic spherical lens and eyeglass wearers may also be rooted in historic toric lens orientation variability and fitting difficulty. 10 There is no consensus as to the minimum amount of astigmatism where the benefit of correction outweighs the aforementioned perceived barriers. In one study, 11 correction <0.3 D by dual rotating cylindrical lenses did not meaningfully improve visual acuity, and the authors recommended that astigmatism <0.5 D be left uncorrected in refractive and cataract surgery. In a different study, 12 subjects with low-to-moderate astigmatism (-0.75 D to -1.00 D) wore commercial toric contact lenses, aspheric contact lenses, or eyeglasses serially and in random order with eyes dilated. Both low-and high-contrast visual acuities were similar for the three lens types at 2 mm artificial pupil size, but both acuities were inferior to the aspheric lens at 4 mm and 6 mm pupil size compared with the toric lens and eyeglasses, which were comparable. Similarly, subjects with low-to-moderate astigmatism (-0.75 D to -1.25 D) wore commercial spherical and toric lenses of the same hilafilcon B material serially and in random order. Of these, 59% reported better vision with the toric lens, 20% reported better vision with the spherical lens, and 22% perceived no difference between lenses. 13 More recently, 92% of habitual contact lens wearers with low-to-moderate astigmatism (-0.75 D to -1.00 D), shown the difference between the visions with spherical and toric lenses in a vision test developed for such purpose, preferred a toric lens for viewing "real-world" stimuli.
14 Given both ECP-measured and patient-reported improvement in visual acuity with contact lens correction of low-to-moderate astigmatism, toric contact lenses appear superior to spherical lenses in astigmats, even for low-to-moderate astigmatism.
Innovations in contact lens materials and lens designs create opportunities for ECPs to address the vision needs of their patients. One such material is nesofilcon A, the highwater-content, traditional hydrogel used in the Biotrue ONEday for Astigmatism lens (Bausch & Lomb Incorporated). 15, 16 The lens includes Pluronic F127, a polyethylene oxide (PEO)-polypropylene oxide-PEO block copolymer surfactant in a lens fabricated from hydroxyethyl methacrylate and N-vinylpyrrolidone monomers, which results in 78% water content throughout the lens. 17 This results in a lens that maintains essentially all of its initial water over the first 15 minutes of wear and maintains 98% of the water content over 16 hours of wear. [17] [18] [19] The Biotrue ONEday for Astigmatism lens incorporates the material into a unique toric design with a periballast geometry for comfort and vision stability, in addition to having integrated spherical aberration control to reduce halos and glare. 20 In the absence of large, randomized clinical studies, many ECPs rely upon real-world, patient experience of contact lenses fit by peers before adopting new, innovative lenses. Real-world, nonrandomized, prospective studies are used to evaluate product performance in both broader patient populations and special patient subsets. [21] [22] [23] [24] [25] [26] Recently, they have gained popularity among medical device manufacturers as they can improve understanding of the risk-benefit profiles of devices. While real-world data are collected primarily for nonregulatory purposes, the US Food and Drug Administration recognizes that such data provide insights into clinical outcomes and can potentially be used to support regulatory submissions. In the present prospective evaluation, a novel toric nesofilcon A contact lens was evaluated for wearer comfort, vision, and satisfaction. While the lens was commercially available at the time of the evaluation, it was beneficial to evaluate how different patient populations would perceive lens performance. Therefore, the experience of habitual contact lens wearers was compared with that of nonwearers when fitted with the toric nesofilcon A contact lens.
Patients and methods
Patient selection
ECPs prescribed toric nesofilcon A lenses to astigmatic patients whom they deemed appropriate as part of their respective routine clinical practices, where the need for a toric lens was left to each individual ECP's discretion. These patients were invited to participate in this nonrandomized, prospective evaluation of toric nesofilcon A lenses. Willing patients consented to participate in a postmarket survey by agreeing to the following through a Web-based platform: 1) "I agree to allow Bausch + Lomb use of my comments and my identity will remain anonymous"; 2) "I agree to allow Bausch + Lomb to contact me". Patients who did not agree were not further queried and did not participate in the evaluation.
Survey participants were dispensed a supply of daily disposable, toric nesofilcon A lenses and told to wear the lenses as prescribed by their respective ECPs for 4 days. At the conclusion of the 4-day period, participants were instructed to complete an online survey designed to evaluate their level of satisfaction regarding comfort and vision while wearing the lenses (Supplementary material). Participants self-identified their habitual vision correction method. In addition, those who habitually wore contact lenses self-identified their habitual lens brand.
Data analysis
Patients answered each survey question as agree (strongly agree, agree, or slightly agree) or disagree (strongly disagree, disagree, or slightly disagree). Data from this survey were compiled and analyzed to determine the incidences of positive (agree) responses. Data were further segmented into three patient subsets (those who previously wore contact lenses, those who previously wore eyeglasses, or those who previously had no prior vision correction), each of which was analyzed independent of the others.
statistical analysis
For each group, two-tailed P-values were calculated to determine the probability that the percentage of positive (agree) responses was >50% for each question. In addition, a twosample t-test was used to determine whether responses from patients who habitually wore contact lenses differed from those who did not. Patients who habitually wore glasses only or had no prior vision correction were combined as one group for this comparison. Differences were considered statistically significant if P≤0.01.
Results
Patient demographics
Totally, 1,253 patients successfully completed the evaluation (ie, wore toric nesofilcon A lenses for a 4-day period and answered all survey questions). Of these, 641 (51%) habitually wore contact lenses, 511 (41%) habitually wore eyeglasses, and 101 (8%) had no prior vision correction. Of the contact lens wearers, 69% indicated that they habitually wore toric lenses, 22% spherical lenses, and 9% did not identify their lenses.
For the purpose of comparison, contact lens wearers were compared with nonwearers (including habitual eyeglassonly wearers and patients with no prior vision correction). The average patient age was 32.6 years (33.2±11.0 years vs 31.9±11.6 years for habitual contact lens wearers and nonwearers, respectively; P=0.046). Similar to the reported two-thirds incidence of female vs male contact lens wearers in the USA, 28 64% of patients were female (67% vs 60% for wearers and nonwearers, respectively, P=0.011). During the evaluation, more patients (44%) wore lenses for 9-12 hours per day (42% vs 46% for contact lens wearers and non wearers, respectively; P<0.001) than for <9 hours (29%) or >12 hours (29%).
All three patient groups (contact lens wearers, eyeglass wearers, and uncorrected patients) answered all survey queries with >50% positive response (P<0.001). Patient vision and comfort outcomes appear in Tables 1-3 . The durations of patients' daily, real-world activities appear in Table 4 . Habitual contact lens wearers and nonwearers spent similar amounts of time for various activities, differing only in that habitual contact lens wearers used a computer for longer daily duration at the office (4.9 hours vs 4.4 hours, respectively, P=0.008; Table 4 ). This small difference, while statistically significant, may be of little or no clinical consequence.
Thus, 96% of the patients who participated in this evaluation indicated that their overall opinion of the toric nesofilcon A lens was good to excellent, indicating that the lens represents a good option for most astigmatic patients. 
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Toric nesofilcon A contact lenses for astigmatism for the three respective situations); similar was the case with respect to freedom from blurry or fluctuating vision (92% vs 93%, respectively; P=0.37). Both groups similarly agreed that they had clear vision while wearing the lens in low-light situations (94% or greater positive response; P=0.97 and 0.85 for freedom from low-light halos/glare and driving at night, respectively). Both groups found the toric nesofilcon A lens comparably comfortable while working long hours on a tablet or computer, or while using a cell phone (91% or greater positive response; P=0.82 and 0.69, respectively), as well as at the beginning of, during, and at the end of the day (87% or greater positive response; P=0.36, 0.48, and 0.30 for the three respective times of day).
Discussion
ECPs often prefer to keep a satisfied lens wearer in a habitual lens but maintain the option to consider different lenses as the patient's vision changes. In the case of a spherical lens wearer with moderate astigmatism, the ECP must weigh the benefit of astigmatism correction against the potential costs of using a toric lens. Advancements in both lens materials and designs since the turn of the century have improved toric lens fitting protocols and increased toric lens utilization. 8, 29 Inpractice diagnostic fitting set inventories of some lens models now accommodate >90% of astigmatic patients. 7 Practitioner confidence in toric lenses is growing and greater than in the past. 29 For example, a recent study of 200 subjects across 16 investigational sites found that 88% of subjects were fit with one toric lens model on first attempt. 30 Refitting a satisfied patient to a different lens option always presents some risk to patient satisfaction. Conversely, eyestrain and/or blur resulting from uncorrected astigmatism in an astigmatic spherical lens wearer may lead to contact lens dissatisfaction, and not converting to a toric lens risks converting that wearer to a lens dropout. One barrier to contact lens wear among astigmats is the mistaken belief that astigmatism precludes such wear. Almost half of habitual eyeglass-wearing astigmats in one survey indicated that their vision may be an obstacle to contact lens wear, and of these, over two-thirds cited their astigmatism as the primary factor. 3 Conversely, prospective contact lens wearers cited appearance, convenience, and not wanting to wear glasses as reasons for interest in contact lenses. While today's patients are interested in learning about advancements in lens technologies and trying those lens options, most expect only periodic updates to their lens prescription. 31 Surprisingly, "not aware there were lenses for astigmatism" (28%), "not aware had astigmatism" (22%), and "my eye care practitioner never offered me toric lenses" (12%) are common reasons that spherical lens wearers gave for not wearing toric lenses, 30 illustrating the need for better communication between practitioner and patient. Further, "contact lenses were difficult to use or inconvenient" (51%) and "contact lenses were uncomfortable to wear" (39%) are reasons that former lens wearers gave for dropping out of lens wear. Modern lens materials and daily-disposable toric lens designs have the potential to largely solve both problems for most wearers.
In this evaluation, astigmatic patients with a history of contact lens wear or eyeglass wear, as well as patients not using lens correction, were fitted with toric nesofilcon A lenses. After 4 days of wear, this population -when asked about lens performance across a wide range of real-world activities -agreed that the lenses provided clear vision and comfort. Ninety-six percent of habitual contact lens wearers and 95% of nonwearers indicated that their overall opinion of the lens is good to excellent, compared with 84% in an older 32 Moreover, ≥93% of patients had clear vision in the following conditions: under conditions of near, intermediate, and far distance; under low-, normal-, and bright-light conditions; and during activities such as digital display viewing, driving, and sports or recreational activities (Table 1) . There was no difference in response between contact lens wearers and nonwearers for any of the nine aspects queried in Table 1 (P-value range: 0.38-0.97).
Today's contact lens wearers demand more from their lenses, primarily due to near-constant use of digital devices. Between television, computers, smartphones, tablets, and e-readers, participants in this evaluation spent >10 hours daily viewing digital displays (11.0 hours vs 10.7 hours for habitual contact lens wearers and nonwearers, respectively), compared with 9.9 hours for the general US population.
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Digital display viewing reduces blink rate and blink completeness, which can lead to lens dehydration, disruption of the prelens tear film, and perturbed vision. 34, 35 Ninety-six percent of patients had clear vision while wearing the toric nesofilcon A lens when using digital technology and 95% when prone (Table 1) , as is common when viewing cell phones, tablets, and e-readers during the evening hours before bedtime or while in bed. The latter is significant because in contrast to the toric nesofilcon A lens, some lenses tend to move on the eye when the wearer changes positions as in lying down. 36 Further, ≥92% of patients agreed that the lenses were comfortable while using different digital technologies and throughout the day (Table 2 ). There was no difference in response between habitual contact lens wearers and nonwearers for any of the four aspects queried in Table 2 (P-value range: 0.08-0.82).
Like the digital display viewing environment, the sports and recreation environment can challenge both contact lens and eyeglass wearers. Athletes demand sharper and clearer vision than does the general public. Activities that involve rapid and jarring motions can cause eyeglasses to move (perturbing vision) and ultimately dislodge from the face. While contact lenses largely solve that problem, the sports/ recreation environment can promote contact lens dehydration, resulting in visual aberration and discomfort. Dust and dry air can be particularly challenging for the active contact lens wearer. 37 In this evaluation, patients spent over an hour daily participating in recreational activities (1.2 hours vs 1.3 hours for habitual contact lens wearers and nonwearers, respectively). Furthermore, 97% and 96% of these respective populations had clear vision while wearing nesofilcon A lenses during physical activities ( Table 1 ), suggesting that the lens effectively maintains its water during such activities.
Similar to comparisons of digital technology use, there was no difference in response between contact lens wearers and nonwearers (P=0.54).
Common activities such as driving also expose patients to varying environments that affect contact lens hydration. Flow of dry air within an automobile cabin, either blown from the cabin heating or cooling systems or entering through open windows, promotes dehydration of contact lenses. In this evaluation, habitual contact lens wearers and nonwearers alike each spent an average of 1.9 hours daily driving. Similar to the sports and recreation environment, 97% of participants from both groups had the same clear vision while wearing toric nesofilcon A lenses when driving in normal light (P=0.88) and 95% when driving at night (P=0.85; Table  1 ). Further, 94% of both groups agreed that the lens helped reduce halos and glare in low-light conditions (P=0.97).
The postmarket survey of the present evaluation suggests that both habitual contact lens wearers and nonwearers are likely to be fit successfully and be satisfied with the toric nesofilcon A lenses. While 96% of respondents had a positive opinion of the lens, there was no difference in response between the two groups. In a previous study of a different toric lens, nonwearers had 83% positive opinion of the lens after 1 week; moreover, 70% were successfully fit after 1 month vs 80% of spherical lens wearers converting to the toric lens. 30 The study authors concluded that a high fraction of astigmats could be easily fitted with a toric lens; we concur.
This postmarket evaluation of toric nesofilcon A lenses in a real-world setting indicates a high level of consumer satisfaction with the lens. However, there are factors that could have influenced participant responses. Individual ECPs determined which patients were appropriate to wear the toric nesofilcon A lens and which to invite to participate in the study. This evaluation was not masked; therefore, initial ECP and patient perceptions of the lens may have affected participant opinions. Because participants self-identified their habitual vision correction method, some habitual contact lenses wearers may have misidentified their lens manufacturer or lens model (eg, spherical vs toric). This did not affect the data analysis because all habitual contact lens wearers knew that they were habitual lens wearers, and spherical and toric contact lens wearer responses were grouped without considering the lens manufacturer or model. Additionally, this evaluation did not consider participant satisfaction with habitual mode of vision correction. Participants may have expressed a high degree of satisfaction with the toric nesofilcon A lens relative to suboptimal habitual vision correction, although we consider this unlikely since participants Clinical Optometry 2019:11 submit your manuscript | www.dovepress.com
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Toric nesofilcon A contact lenses for astigmatism were recruited from patients already visiting their respective ECPs. This evaluation was designed only to determine how astigmats who were fitted with the toric nesofilcon A lens perceived lens performance and was not meant to compare wearer experience with this lens to that with any other lens. As few studies comparing different toric contact lenses, and none comparing any toric lens to the toric nesofilcon A lens, appear in published literature, wearer preference for specific toric lens models is not known.
Conclusion
Astigmatic patients converted from their habitual vision correction (spherical contact lenses, other toric lenses, eyeglasses, or no correction) to the toric nesofilcon A lens express a high level of satisfaction after 4 days of lens wear. Improvements in lens materials and designs should alleviate ECP concerns regarding converting astigmatic patients with eyeglasses and spherical lenses to toric lenses. ECPs can successfully fit nearly all astigmatic patients (uncorrected, nonwearers of lenses, eyeglass wearers, spherical lens wearers, and other toric lens wearers) into toric nesofilcon A lenses and expect that the majority of patients will have clear, comfortable vision while using the lenses under all wearing conditions.
